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CARBOXAMIDIME DERIVATIVES AND THEIR USE IM THE TBBATMEMT OF VASCUIAR DISEASES 



Pharmaceutically effective compounds 



5 The Invention relates to pharmaceutically effective hydroxylamine 

derivatives, which are useful In the treatment of vascular diseases. 

The invention relates to the use of compounds of general fonmulae (1), 
(II) and (III)- 

and independently represent a hydrogen atom or a straight or 
10 branched Ci.6 alky! group optionally substituted with a phenyl group, or 

R"" and R^ together with the nitrogen atom attached thereto form a 5-7 
membered saturated heterocyclic ring optionally containing further nitrogen 
and/or oxygen heteroatoms, which heterocyclic ring is optionally substituted 
with one or more hydroxy, oxo or benzyl groups, 
15 A represents a phenyl group optionally substituted with one or more Ci^ 
alkyi, haloalkyi or nitro groups or halogen atoms, or a 5-6 membered 
heteroaromatic ring containing one or more nitrogen, oxygen or sulfur 
heteroatoms, optionally having N-oxide structure on the nitrogen heteroatom, 
n is zero, 1 or 2, 
20 z is zero or 1 , 

in compounds of general formulae (I), X represents a halogen atom or - 
NR'^R^ group, where R'^ and R^ independently represent a hydrogen atom or 
a straight or branched Ci^ alkyl group, 

in compounds of general formulae (II), X refers to oxygen atom, 
25 R^ represents a hydrogen atom or a straight or branched alkyl group, 

Y represents a hydrogen atom or hydroxy group, halogen atom or C1-22 
acyloxy group, with the restriction that if R* and R^ are simultaneously 
hydrogen atoms, Y Is other than hydroxy group, 

with the proviso that in compounds of general formulaee (I) and (II) where Y 
30 is other than halogen. 
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a) and together with the nitrogen atom attached thereto form a 
5-7 membered, saturated heterocyclic ring optionally containing further 
nitrogen and/or oxygen heteroatom, which heterocyclic ring is substituted 
with one or more hydroxy, oxo or benzyl groups and/or 
5 b) A is a N-containing heteroaromatic ring, which has N-oxide 

structure on the nitrogen heteroatom, and/or 
c) z is 1 , 

with the further proviso that if X is halo and Y is hydroxy or acyloxy in 
compounds of general formulae (I), 

10 and R^ together with the nitrogen atom attached thereto iorm a 5-7 

membered, saturated heterocyclic ring optionally containing further nitrogen 
and/or oxygen heteroatom, which heterocyclic ring is substituted with one or 
more hydroxy, oxo or benzyl groups and 
with the proviso for pompounds of general formulae (III) that 

15 if R^ and independently represent a hydrogen atom or a straight or 
branched alkyi group optionally substituted with a phenyl group, 
or together with the nitrogen atom attached thereto fonti a 5-7 membered 
saturated heterocyclic ring optionally containing further nftrogen and/or 
oxygen heteroatoms. then A is a heteroaromatic ring containing oxygen or 

20 sulfur heteroatom or an N-containing heteroaromatic ring having N-oxide 
structure on the nitrogen heteroatom and 

if A is a phenyl group optionally substituted with one or more alkyI, 
haloalkyi or nitro groups or halogen atoms, or a 5-6 membered N-containing 
heteroaromatic ring, then R^ and R^ together with the nitrogen atom attached 

25 thereto form a 5-7 membered. saturated heterocyclic ring optionally 
containing further nitrogen and/or oxygen heteroatom, which heterocyclic ring 
is substituted with one or more hydroxy, oxo or benzyl groups, 
and of the salts and optically active fomns of the above compounds for the 
production of phannaceutical products used In the treatment and/or 

30 prevention of vascular diseases or diseases related to vascular disorders. 
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Compounds of similar structure are known from WO 97/16439. Tiiese 
compounds increase molecular chaperon expression, or molecular chaperon 
activity in cell exposed to a physiological stress. Due to this characteristic, 
they are useful for the treatment of diseases connected with the functioning 
5 of the chaperon system. 

The protective and regenerating effect that compounds of similar 
stnjctures have for vascular endothelial cells is known from WO 98/06400. 
These compounds are primarily useful for the prevention of damage caused 
by ischemia and for the treatment of cardiovascular and cerebrovascular 
10 diseases. 

We have found that when the hydroxylamine derivatives described in 
the cited literature are chemically modified, preferably in such a way that, 
according to general fonnulaee (I), (II) and (III) above, 

1) a halogen atom is introduced into the propylene group of the 
15 aminopropyl group connected to the hydroxylamine part as substituent and/or 

2) N-oxide is fomned on the nitrogen atoms in the temiinal groups of 
the molecule, namely on the nitrogen atom connected to the propylene group 
of the above mentioned aminopropyl group and/or on the nitrogen atom 
located in the heteroaromatic ring of the molecule, 

20 then the resulting products are hydroxylamine derivatives which possess 
much more favorable phamiacological properties against vascular illnesses 
than known compounds which have been found to be useful for this purpose. 
Namely, the effect of these compounds is more intensive than that of the 
known prior art compounds used for similar purposes. Therefore they are 

25 especially useful as active ingredients in the treatment or prevention of 
vascular diseases or diseases associated with vascular disorders. 

Based on this observation, this invention relates to the use of 
compounds of general formulaee (I), (II) and (III) - where R\ R^, R^, A, X, Y, 
n and z are as above -, and to the use of the salts and optically active fomris 

30 of the above compounds for the production of pharmaceutical products for 



VfO 03/057664 



PCT/HU03/00003 



4 

the treatment and/or prevention of vascular diseases or diseases associated 
with vascular disorders. 

A considerable part of compounds of general formulaee (I), (II) and 

(III) are novel compounds. 
5 Novel compounds are compounds of general formulaee (I) wherein 

and independently represent a hydrogen atom or a straight or 
branched Ci^ alkyi group optionally substituted with a phenyl group, or 

and R^ together with the nitrogen atom attached thereto fonri a 5-7 
membered saturated heterocyclic ring optionally containing further nitrogen 
10 and/or oxygen heteroatoms, which heterocyclic ring is optionally substituted 
with one or more hydroxy, oxo or benzyl groups, 

A represents a phenyl group optionally substituted with one or more 
alkyI, haloalkyi or nitro groups or halogen atoms, or a 5-6 membered 
heteroaromatic ring containing one or more nitrogen, oxygen or sulfur 
15 heteroatoms, optionally having N-oxIde stmcture on the nitrogen heteroatom, 
n is zero, 1 or 2, 
z is zero or 1 , 

X represents a halogen atom or -NR'^R^ group, where R^ and R^ 
Independently represent a hydrogen atom or a straight or branched Ci-e alkyI 
20 group, 

Y represents a hydrogen atom or hydroxy group, halogen atom or C1-22 
acyloxy group, with the restriction that if R* and R^ are simultaneously 
hydrogen atoms, then Y Is other than hydroxy group, 
with the proviso that 

25 a) If Y is hydrogen and/or X is a -NR'^R^ group, where R'^ and R^ have 

the above meanings, 

R^ and R^ together with the nitrogen atom attached thereto fonm a 5-7 
membered, saturated heterocyclic ring optionally containing further nitrogen 
and/or oxygen heteroatom, which heterocyclic ring is substituted with one or 

30 more hydroxy, 0x0 or benzyl groups and/or 
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A is a N-containing heteroaromatic ring, which has N-oxide structure 
on the nitrogen heteroatom, or 

b) if X is halo and Y is hydroxy or acyloxy, 

and together with the nitrogen atom attached thereto form a 5-7 
5 membered, saturated heterocyclic ring optionally containing further nitrogen 
and/or oxygen heteroatom, which heterocyclic ring is substituted with one or 
more hydroxy, oxo or benzyl groups, 

and the stereoisomers of the above compounds and their salts. 

Novel compounds are compounds of general fomriulae (II) wherein 

10 R^ and R^ independently represent a hydrogen atom or a straight or 
branched Ci-6 alkyi group optionally substituted with a phenyl group, or 
R^ and R^ together with the nitrogen atom attached thereto form a 5-7 
membered saturated heterocyclic ring optionally containing further nitrogen 
and/or oxygen heteroatoms, which heterocyclic ring is optionally substituted 

15 with one or more hydroxy, oxo or benzyl groups, 

A represents a phenyl group optionally substituted with one or more 
alkyI, Ci^ haIoall<yl or nitro groups or halogen atoms, or a 5-6 membered 
heteroaromatic ring containing one or more nitrogen, oxygen or sulfur 
heteroatoms, optionally having N-oxide structure on the nitrogen heteroatom, 

20 n is zero, 1 or 2, 
z is zero or 1 , 

X represents an oxygen atom, 

R^ represents a hydrogen atom or a straight or branched Ci.6 alkyI group, 
Y represents a hydrogen atom or hydroxy group, halogen atom or C1.22 

25 acyloxy group, 

with the proviso that if Y is other than halo, 

R"* and R^ together with the nitrogen atom attached thereto form a 5-7 
membered, saturated heterocyclic ring optionally containing further nitrogen 
and/or oxygen heteroatom, which heterocyclic ring is substituted with one or 

30 more hydroxy, 0x0 or benzyl groups and/or 
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A is a N-containing heteroaromatic ring, wliich has N-oxide structure 
on the nitrogen heteroatom, 

and the stereoisomers of the above compounds and their salts. 

Novel compounds are compounds of general formulae (III) wherein 

5 R"* and independently represent a hydrogen atom or a straight or 
branched alkyi group optionally substituted with a phenyl group, or 
R^ and R^ together with the nitrogen atom attached thereto form a 5-7 
membered saturated heterocyclic ring optionally containing further nitrogen 
and/or oxygen heteroatoms, which heterocyclic ring is optionally substituted 

10 with one or more hydroxy, oxo or benzyl groups, 

A represents a phenyl group optionally substituted with one or more 
alkyI, C1.4 haloalkyi or nitro groups or halogen atoms, or a 5-6 membered 
heteroaromatic ring containing one or more nitrogen, oxygen or sulfur 
heteroatoms, optionally having N-oxIde structure on the nitrogen heteroatom, 

15 n is zero, 1 or 2, 
z is zero or 1 , 
with the proviso that 

if R^ and R^ independently represent a hydrogen atom or a straight or 
branched aikyi group optionally substituted with a phenyl group, 

20 or together with the nitrogen atom attached thereto forni a 5-7 membered 
saturated heterocyclic ring optionally containing further nitrogen and/or 
oxygen heteroatoms, then A is a heteroaromatic ring containing oxygen or 
sulfur heteroatom or an N-containing heteroaromatic ring having N-oxide 
structure on the nitrogen heteroatom and 

25 if A is a phenyl group optionally substituted with one or more C1-4 alkyI, 

haloalkyi or nItro groups or halogen atoms, or a 5-6 membered N-containing 
heteroaromatic ring, then R^ and R^ together with the nitrogen atom attached 
thereto form a 5-7 membered, saturated heterocyclic ring optionally 
containing further nitrogen and/or oxygen heteroatom, which heterocyclic ring 

30 is substituted with one or more hydroxy, 0x0 or benzyl groups, 
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and the stereoisomers of the above compounds and their salts. 

The invention relates to the above compounds. The invention further 
relates to pharmaceutical products that contain as active ingredient 
compounds of general fonnulaee (I), (II) and (III), or their stereoisomers, or 
5 their salts, where R\ R^, R^, A, X, Y, n and z are as defined above. 

The following compounds of the invention are especially preferable: 

1 . N-[3-(1 -piperidinyl)propoxy]-pyridin-1-oxide-3-carboxamidine 

2. N-[3-(1-piperidinyl)propoxy]-pyridln-1-oxide-3-carboximidoyl chloride 
10 3. N-[2-hydroxy-3-(1 -piperidinyl)propoxy]-N'-n-butyi-pyridin-1 -oxide-4- 

carboxamidine 

4. N-[3-(1 -oxido-1 -piperidinyl)propoxy]-3-nitro-benzimidoyl-chloride dihydrate 

5. 2-Ghloro-N-[3-(4-oxido-4-morpholinyl)propoxy]-benzimldoyl chloride 

6. (R.S)-5,6-dihydro-5-[(1 -piperidinyl)methyl]-3-(1 -oxido-3-pyridyl)-4H-1 ,2.4- 
15 oxadiazine 

7. 5.6-dihydro-5-[(4-benzyl-1 -piperidinyl)methyl]-3-(3-pyridyl)-4H-1 ,2.4- 
oxadiazine 

8. (R) or (S)-5,6-dihydro-5-[(2-oxo-1-plperidinyl)methyl]-3-(3-pyridyl)-4H- 
1 ,2,4-oxadiazine 

20 9. (+)-5,6-dihydro-5-[(1-piperidinyl)methyl]-3-(1-oxido-3-pyridyl)-4H-1 ,2,4- 
oxadiazine 

1 0. (R) or (S)-5,6-dihydro-5-[(1 -oxido-1 -piperidinyl)methyl]-3-(1 -oxido-3- 
pyridyl)-4H-1 ,2,4-oxadiazine 
25 11. 5.6-dlhydro-5-[(4-hydroxy-1 -piperidinyl)methyl]-3-(3-pyridyl)-4H-1 ,2,4- 
oxadiazine 

12. N-[2-chloro-3-(1 -piperidinyl)propoxy]-3-benzimidoyl-chloride hydrochloride 

1 3. N-[2-hydroxy-3-(1 -piperidinyl)propoxy]-pyridin-1 -oxide-3-carboxamide 
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The biological effects of the compounds of the invention were tested by 
the following experiments: 

Wounding migration assay in endothelial cell culture 
The effect of the compounds of the invention on the wounded monolayers 
5 of human umbilical vein endothelial cells (HUVEC) were studied in a cell 
culture system (in vitro). After reaching confluence, the HUVEC cells were 
wounded according to the method of Yamamura et al (J. Surgical Res. 63, 
349-354. 1996). The number of migrated cells were registered using 
computerized image analysis 24 hours after wounding in the absence and 
10 presence of the active agents under testing in a concentration of 10"® M. The 
active ingredient described in publication no. WO 98/06400, namely 5,6- 
dihydro-5-(1-piperidinyl)-methyl-3-(3-pyridyl)-4H-1 ,2,4-oxadiazine was used 
as reference compound. The obtained results are given in Table 1. 

Table 1. 

15 



No. of the 
compound 


cell/mm^ 
24 hours 


Reference 


30 


4 


45 


8 


48 


9 


52 


11 


51 


12 


60 


13 


54 



In the following, we give the results of the test of blood vessel relaxing effect, 
performed in vitro on rat vessels, and also the morpholocial results of the 
20 thoracic aorta. 
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Three-month-old. genetically hypertonic (SH) WIstar Okamoto rats 
were treated for one month with various test compounds. Thereafter the 
functional and morphological tests were perfonmed. 

The vaso-relaxina effect of the compounds o f the invention on the 
5 thoracic aorta of SH rat s fin vitro testlno) 

The test was perfomned by the method l<nown from the literature 
[Japan J. Pharmacol.. 59, 339-347 (1992)]. The SH rats were anesthetized 
with Nembutal (40 mg/kg, i. p.), then the thoracic aorta was removed and 
placed in oxygenized (95 % O2 + 5% CO2) Krebs-Henseleit solution. The 
10 composition of the solution (mM): NaCi 118. KCl 4,7. CaCb 2.52, MgS04 
1.64, NaHCOa 24,88, KH2PO4 1,18, glucose 5,5. The 3-mm-long aorta rings 
were suspended in a 20 ml organ bath of 37°C. The resting tension was 1g, 
which was maintained throughout the equilibration. During the 1 hour 
equilibration, the medium was changed In every 20 minutes. The vessels 
15 were contracted with 10"® M methoxamine (approx. 80% of maximal 
contraction). After reaching the maximal contraction, we tested the 
vasodilation resulting as the effect of the acetylcholine (Ach) (10"® - 10"^ M), 
which infonned us about the condition of the endothelium of the vessel wall. 
The contraction force was measured by an Isometric strain gauge (SG-01D, 
20 Experimentia Ltd), and was registered on an OH-850 polygraph (Radelkis). 
At this time again, 5.6-dihydro-5-(1-piperidinyl)-methyl-3-(3-pyridyl)-4H-1.2.4- 
oxadiazlne as described in WO 98/06400 was used as a reference 
compound. The results of these tests are summarized in Table 2. 

25 Table 2. 

The vessel relaxing effect of the compounds of the invention on the thoracic 
aorta of SH rats (In vitro testing) 



30 Materials 



Ach doses (M) 
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Doses 10-6 10-5 10- 

4 



5 SH control 

n=10 55.1 57.2 

72.0 

Reference 

n=12: 20 mg/kg 77.4 80.2 

10 81.7 

Compound no.4. 

n=11;5mg/kg 82.5 84.9 

88.1 

Compound no.8. 
15 n=11; 20 mg/kg 80.3 88.0 

89.2 
Compound no. 9. 

n=10;5mg/kg 87.0 87.9 

93.2 

20 Compound no.11. 

n=12; 10 mg/kg 79.7 85.1 

86.0 

Compound no. 12. 

n=12; 20 mg/kg 82.3 83.5 

25 80.4 

Compound no. 13. 

n=10 88.4 90.3 

95.2 
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As the table shows, we registered a 30% relaxation decrease In the 
case of untreated hypertonic animals, which is the result of hypertonia- 
induced endothelial damage. The test compounds Improved the relaxation 
properties of the vessels significantly, which Is the result of the improved 
5 functioning of the endothelium, due to the relative Increase of the 
endothelium-related relaxation factors. 

Morphological testing of the thoracic aort as with electron microscopy 

The test was performed according to the procedure known from the 
literature (Br. J. of Pharmacol.. 1995; 115, 415-420). 1 mm^ pieces of the 

10 aorta wall was cut out of the thoracic aorta of the rats, and were then fixed 
with .2.5% glutaraldehyde at room temperature for 2 hours. This was followed 
by a post-fixation with 1% osmium tetroxide for 1 hour. Afterwards, the tissue 
pieces were dehydrated with ethanol, and embedded in Durcupan ACM. The 
samples were evaluated qualitatively based on the Images recorded on a 

15 Hitachi 7100 electron microscope. The results of the test are given in Table 
3. 

Table 3. 

Electron microscopic examination of the compounds of the Invention on the 
20 thoracic aorta of SH rats (morphological testing) 



l\/laterials Degree of regeneration 



Doses 



25 



SH control, physiological sdaline solution 



1 



Compound no. 4., 20 mg/kg p. o 
Compound no. 8., 5 mg/kg p. o. 



5 



5 



30 Compound no. 9., 5 mg/kg p. o. 



5 
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Compound no. 11., 10 mg/kg p. o. 
Compound no. 12., 20 mg/kg p. o. 
Compound no. 13., 20 mg/kg p. o. 



4 



3 



4 



The results of the morphological test are e: 



ixpressed on a scale of 1 to 



5 5, depending upon the degree to which the treatment with various test 
compounds restored the hypertonla-induoed endothelium damage, that is, 
upon the degree of regeneration activity observed. On the scale, 1 was used 
to refer to cases where no regeneration was observable, 2 refers to weak, 3 
to average, 4 to good, and 5 to strong regeneration. 

10 When comparing it to the untreated control, significant protective and 

regenerative effect was observed after treatment with the compounds of the 
invention. Due to the treatment, a thin, freshly fomried layer covered the 
wounded sub-endothellum, which contained cells with active nuclei and rich 
cytoplasm. Regeneration was shown to be very effective in the case of the 

1 5 majority of the tested molecules. 

Compounds of general formulae (I) where Y is a halogen atom are prepared 
by halogenating the suitable compound containing a hydroxyl group as Y 
substituent. The other compounds of the invention are prepared by the 

20 known method, according to the procedures given in WO 97/16439 and WO 
98/06400. Methods for the preparation of certain compounds are 
demonstrated in the examples. 

The compositions of the invention can be made in solid or liquid fomis 
generally used in human and veterinary therapy. For oral administration 

25 tablets, coated tablets, drag6es, granules, capsules, solutions or symps, for 
rectal administration suppositories, and for parenteral administration 
lyophylised or not lyophylised Injections or infusion solutions can be prepared 
by known preparation methods. The oral compositions may contain fillers 
such as microcrystalllne cellulose, starch, lactose, lubricants, such as stearic 

30 acid and magnesium stearate, coating materials such as sugar, film materials 
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such as hydroxymethyl cellulose, flavors or sweeteners such as methyl 
paraben or saccharine, and colorants. Auxiliaries in the suppositories may be 
for example cocoa butter and polyethylene glycol. The compositions for 
parenteral use may contain saline or optional dispersing and wetting agents 

5 such as propylene glycol along with the active ingredient. 

The dose of the compounds of the invention depends on the illness of 
the patient and the disease and varies from 0.1 to 200 mg/kg/day. preferably 
from 0.1 to 50 mg/kg/day. For human therapy, the preferable oral dose is 10- 
200 mg, in case of rectal administration 1-15 mg, and in case of parenteral 

10 treatment 2-20 mg daily for adults. These doses are applied in unit dosage 
forms optionally distributed to 2-3 administrations, particularly in case of oral 
treatment. 

The invention is demonstrated by the examples below. 

15 

Example 1. 

N-[3-(1 -piperidinyl)propoxy]-pyridin-1 -oxlde-3-carboxamicline 

1.86 g (0.033 mol) of KOH is dissolved in a mixture of 10 ml ethanol and 75 
ml methanol. To the solution 4.59 g (0.03 mol) of nlcotinamidoxime-1 -oxide is 

20 added. After stimng for 15 min a solution of 4.85 g (0.03 mol) of 1-chloro-3- 
(l-piperidinyl)-propane in 6 ml ethanol is added. The mixture is boiled for 12 
hours, then the precipitate is filtered off, and the solution is evaporated. To 
the residue 30 ml of 2 N potassium carbonate solution is added, then 
extracted 3 times with 50 ml of chloroform. The organic phase is washed with 

25 15 ml of 2 N potassium carbonate solution, dried over anhydrous magnesium 
sulfate, filtered and evaporated. The crude product is triturated with 40 ml 
ferf.butyl-methyl-ether. This procedure is repeated, and the product obtained 
in the two steps is recrystallized in a 1:2 mixture of methanol and 
diethylether. 

30 Yield: 1.72 g (21 %). 
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^H-NMR (methanol d4): 8.62; 8.36; 7.82; 7.58; 4.22; 2.3-2.6; 1.92; 1.3-1.6. 
^^C-NMR (methanol d4): 149.4; 140.9; 138.0; 134.5; 127.9; 73.3; 57.4; 55.6; 
27.4; 26.7; 25.4. 

5 Example 2. 

N-[3-(1 -piperldlnyl)propoxy]-pyridln-1 -oxide-3-carboxlmidoyl chloride 

1.668 g (6.0 mmol) of N-[3-(1-piperdinyl)-propoxy]-pyridin-1-oxide-3- 
carboxamidine is dissolved in a 1:1 mixture of cc. HCi and water, then atO °C 
added dropwise to a solution of 0.57 g (8.2 mmol) of NaN02 in 4 ml of water. 

10 The mixture is stirred for 2 hours at 0 °C. then basified with 15 ml of 20 % 
NaOH solution. It is then extracted three times with 15 ml of chloroform, the 
extract is dried over anhydrous sodium sulfate, filtered and evaporated. The 
residue Is triturated with 15 ml of ether, filtered and dried. The precipitate is 
recrystallized from 6 ml of acetone. 

15 Yield: 1.1 9(63%). 

^H-NMR (DMSO de): 8.56; 8.20; 7.98; 7.48; 2.4-2.6; 1.92; 1.45; 1.3. 
^^C-NMR (DMSO de): 139.6; 136.7; 132.9; 132.3; 129.5 and 126.5; 73.6; 
53.9; 52.9; 24.1; 23.5; 22.0. 

20 Example 3. 

N-[2-hydroxy-3-(1"Piperidlnyl)propoxy]-N'-n-butyI-pyridln-1-oxide-4- 
carboxamidine 

1.18 g of N-I2-hydroxy-3-(1-piperidinyl)propoxy]-pyridin-1-oxide-4- 
cartjoximidoyl chloride is dissolved In a mixture of 18 ml of n-butylamine and 

25 1 0 ml of 2-methoxyethyl-ether. The reaction mixture is heated under reflux for 
24 hours. The n-butylamine is evaporated from the mixture, and to the 
residue 100 ml of 2 M potassium carbonate solution Is added, then It Is 
extracted 3 times with 10 ml of chlorofomn. The extract is dried over 
anhydrous sodium sulfate, filtered and evaporated. The obtained material is 

30 recrystallized form ethylacetate. 
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Yield: 0.85 g (64 %). 

^H-NMR (CDCI3): 8.18; 7.36; 5.22; 4.06; 4.04; 2.97; 2.62 and 2.42; 1.2-1.7; 
0.86. 

^^C-NMR (CDCI3): 153.1; 139.2; 129.2; 125.5; 76.4; 65.5; 60.8; 54.6; 43.9; 
5 33.3; 25.6; 23.9; 19.6; 13.6. 

Example 4. 

N-[3-(1-oxldo-1-piperidinyl)propoxy]-3-nitro-benzimidoyl-chloride 
dihydrate 

10 To a solution of 1.0 g (3.0 nnmol) of N-[3-(1-plperidlnyl)propoxy]-3-nitro- 
benzimidoyl-chloride in 5 ml of chloroform a solution of 0.725 g (4.2 mmol) of 
m-chloroperbenzoic acid in 6 ml of chloroform is added. The reaction mixture 
is stirred for 6 hours at 25 "C, then evaporated. To the residue 12 ml of 2 M 
potassium carbonate solution is added, and extracted 5 times with 20 ml of 

15 chlorofomn. The combined extracts are dried over magnesium sulfate, filtered 
and evaporated. The product is dissolved in ethanol; the solution is treated 
with charcoal then evaporated. The obtained material is triturated with 
ethylacetate, filtered and dried. 
Yield: 0.74 g (63 %). 

20 ^H-NMR (CDCI3): 8.62; 8.28; 8.18; 7.58; 4.52; 3.1-3.6; 2.2-2.6; 1.3-1.8. 

^^C-NMR (CDCI3): 148.2; 135.9; 134.0; 132.7; 129.6; 125.0; 122.0; 73.7; 
67.0; 65.4; 22.4; 22.1; 20.9. 

Example 5. 

25 2-chloro-N-[3-(4-oxldo-4-morfolinyl)propoxy]-benzimldoyl chloride 

Proceed according to Example 4. with the difference that as starting material 
2-chloro-N-[3-(4-morfolinyl)-propoxy]-benzimidoyl-chloride is used. 

Yield: 82 %. 



30 Example 6. 



wo 03/057664 



PCT/HU03/00003 



16 

(R,S)-5,6-dlhydro-5-[(1 .piperidlnyl)methyl]-3-(1 -oxido-3-pyridyl)-4H-1 ,2,4- 
oxadiazine 

a) 18.5 g (0.05 mol) of N-[2-hydroxy-3-(1-piperidinyl)propoxyl-pyridin-1-oxide- 
3-carboxamidjne-hydrochloride is dissolved In 50 ml of thionylchloride, and 

5 the reaction mixture Is heated under reflux for 1 hour. Next the reaction 
mixture is evaporated, the residue Is dissolved in methanol, and the solution 
is treated with charcoal, filtered and evaporated. The residue is crystallized 
from a minimum quantity of ethanol. The yield of the obtained N-[2-chloro-3- 
(1 -piperidinyl)propoxy]-pyridin-1 -oxide-3-carboxamldine ' hydrochloride 

10 intermediate is 68 %. 

b) To a solution of 16.5 g (143.5 mmol) of potassium-ferf.butylate in 150 ml of 
feAf.butanol 11.8 g (34.1 mmol) N-[2-chloro-3-(1-piperidinyl)propoxy]-pyridin- 
1-oxide-3-carboxamidine hydrochloride intermediate is added. The reaction 
mixture is boiled for 5 hours, then evaporated. To the evaporation residue 

15 100 ml of 5 % NaOH solution is added, and the mixture is extracted 3 times 
with 300 ml of ethylacetate. The combined extracts are dried over sodium- 
sulfate. filtered and evaporated. The evaporation residue is triturated with 
ether, filtered, washed with ether and dried. Yield: 34 %. 
Mp.: 154-158 '"C. 

20 

Example 7. 

5,6-dihydro-5-[(4-benzyM-plperidinyl)methyl]-3-(3-pyridyl)-4H-1,2,4- 
oxadiazine 

Proceed according to Example 6., starting form the corresponding 
25 chlorinated amidine-compound. 
Yield: 20 %, 
Mp.: 178-180 °C. 
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Exaiiq)le 8. 

(R) or (S)-5,6-clihydro-5-[(2-oxo-1 .piperidinyl)methyl]-3-(3-pyrldyl)-4H- 
1 ,2,4-oxadiazine 

2.5 g (9.6 mmol) of (-)-5,6-dihydro-5-(1-piperidinyl)-methyl-3-(3-pyridyl)-4H- 

5 1 ,2,4-oxadiazine is dissolved in 150 ml of 1 % acetic acid, and to the solution 
17.86 g (47.99 mmol) of ethylenediamine-tetraacetic acid disodium salt 
dihydrate, and 15.3 g (48 mmol) mercury(li)-acetate is added, and the 
reaction mixture is boiled for 2 hours while stirring. Then the reaction mixture 
is filtered, the filtrate is evaporated, to the residue 500 ml of methanol, and 

10 then in small portions 17.5 g (0.46 mol) sodium-[tetrahydrido-borate(lll)] is 
added while stining. After addition of the borohydride its excess is 
decomposed with 1:1 aqueous hydrochloric acid (pH=3), then the pH of the 
reaction mixture is set to 10 with 10 % NaOH solution. The methanol Is 
evaporated from the reaction mixture, and then the aqueous phase is 

15 extracted 3 times with 150 ml of chlorofomn. The combined chloroform 
phases are washed first with 100 ml of water, then with 50 ml of brine, the 
organic phase is dried over magnesium-sulfate, filtered and evaporated. 
The obtained oil (2 g) is purified by column chromatography (Kieselgel 60, 
eluent: 1:1 mixture of chloroform and methanol), and crystallized with a 

20 mixture of ethylacetate and ether (by the addition of very little amount of 
ethanol). 0.94 g (35.7 %) pure material is obtained. 

^H-NMR: (CDCb): 8.9; 8.6; 7.92; 7.26; 6.68; 3.98; 3.96; 3.72-3.6; 3.42-3.22; 
2.30; 1.76. 

^^C-NMR (CDCI3): 172.2; 150.8; 150.4; 146.9; 133.2; 128.6; 123.3; 65.1; 
25 50.7; 50.5; 50.0; 32.1 ; 20.9. 

Example 9. 

(+)-5,6-dihydro-5-[(1 -piperidinyl)methyl]-3-(1 -oxido-3-pyridyl)-4H-1 ,2,4- 
oxadiazine 
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6.25 g (24 mmol) of (-)-5,6-dlhyclro-5-(1-plperidinyl)-methyl-3-(3-pyridyl)-4H- 
1 ,2.4-oxadiazine is dissolved in a mixture of 40 ml of water, 6.85 ml (120 
mmol) of glacial acetic acid and 1.43 ml (24 mmol) of cc. H2SO4. The solution 
is heated to 60 °C, and at this temperature 12 ml (75 mmol) of 21.5 % 

5 hydrogen peroxide is added dropwise. and the reaction mixture is kept on 
stirring at this temperature. Atter 10 hours to the reaction mixture further 6 ml 
of 21 .5 % hydrogen peroxide is added dropwise. After another 20 hours the 
reaction mixture is cooled to 0 "C. and it is introduced dropwise into 60 ml of 
0°C 20 % NaOH, then extracted 5 times with 50 ml of dichloromethane. The 

10 combined organic phases are washed with water, dried over magnesium- 
sulfate and evaporated. The evaporation residue Is purified by column 
chromatography. The suitable fractions are triturated with 20 ml of acetone 
and kept in refrigerator overnight. Next day the product is filtered, washed 
with cold acetone and dried, then recrystalllzed from ethanol-ethylacetate. 

15 Yield: 13.7%. 
Mp.: 165-168 °C. 

Example 10. 

(R) or (S)-5,6-dihydro-5-[(1 -oxido-1 -plperidinyl)methyl]-3-(1 -oxido-S- 
20 pyridyl)-4H-1,2,4-oxadiazlne 

Proceed according to Example 9. with the difference that the suitable column 
chromatographic fraction is isolated. 
Yield: 3.4 %. 

^H-NMR (D2O): 8.38; 8.26; 7.76; 7.53; 4.6; 4.4; 3.9; 3.55-3.1; 1.95-1.25. 
25 ^^C-NMR (D2O): 149.7; 139.9; 136.7; 131.6; 129.1; 126.9; 69.2; 65.6; 65.5; 
44.3; 20.46; 20.30 and 20.17. 

Example 11. 

5,6-dihydro-5-[(4-hydroxy-1-piperidinyl)methyl]-3-(3-pyridyl)-4H-1,2,4- 
30 oxadiazine 
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20.55 g (150 mmol) of 3-pyriclin-amidoxime and 20.1 g (360 mmol) of 
potassium hydroxide are dissolved in 95 ml of water and 28.5 ml of DMSO, 
then cooled to 

0 °C. At this temperature 20.85 g (17.7 ml, 225 mmol) of epichlorohydrine is 
5 added dropwise and the mixture is stirred for 3 hours. It is then extracted with 
6x50 ml of ether, the combined organic phases are washed with 50 ml brine, 
dried over Na2S04, treated with charcoal, filtered and evaporated. 
m = 6.08g(21%) 

The obtained evaporation residue is taken up in 90 ml of ether, the clear 
10 solution is decanted from the tar (1.18 g) - the ethereal solution contains 
24.8 mmol epoxy compound - and to this solution 5.1 g (24.8 mmol) of 4- 
benzoyloxy-piperldine dissolved in 20 ml of iso-propanol is added. It is stinred 
at room temperature for 6 days, then the small amount of precipitate is 
filtered off, and the mother liquor is evaporated. The obtained 11.7 g of 
15 evaporation residue is taken up in 100 ml of water, extracted with 100 ml of 
ether, then 2x50 ml of ethylacetate, the organic phases are dried over 
Na2S04 and evaporated, 
m = 8.77 g(88%) 

Fomiation of monohydrochloride: 8.77 g of evaporation residue is dissolved 
20 in 44 ml iso-propanol (with slight heating), then 3.72 ml of 6M HCl/iPA is 
added. Upon heating the solution to boiling point, the separated gum 
dissolves. When it is then cooled back to room temperature, the 
monohydrochloride nicely precipitates. It is crystallized in a refrigerator for a 
few hours, then filtered off, and washed with cold iPA. 
25 m = 7.19 g (75.4%) 
Mp.:1 15-120 »C 

Recrystallizatlon: 7.19 g crude product fomri 150 ml of hot iso-propanol. 
Crystallizes upon cooling, 
m = 5.87 mg (81 .5%) 
30 Mp.: 117-120 °C 
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5.87 g (13.5 mmol) of this monohydrochloride Is suspended in 60 ml of 
dichloroethane, 30 ml of thionylchloride is added and is laoiled for 1 liour. It is 
then cooled back to room temperature, 220 ml of methanol is added 

5 dropwise, treated with charcoal, filtered and evaporated. The obtained 7.5 g 
evaporation residue is triturated with 75 ml of ethylacetate. and crystallized 
by cooling. Filtered, washed with cold ethylacetate, then the wet precipitate Is 
stin-ed with 50 ml of acetone. The precipitate is filtered off, and washed with 
acetone. 

10 m = 5.76 g (87%) 

5.76 g (11.75 mmol) of this "chloro-compound" is suspended in 120 ml of 
fert.butanol, 8.12 g (72.37 mmol) of potassium-ferf.butylate is added and 
boiled for 1 hour. The precipitate is filtered and washed with a small amount 

15 of methanol, and the mother liquor Is evaporated. The obtained 8.56 g of 
evaporation residue is \aken up in 40 ml of water, extracted with 2 x 30 ml of 
chloroform, dried and evaporated. The residue (m=1.89 g) is triturated with 
20 ml of ethylacetate, crystallized by cooling, filtered off, and washed with 
EtOAc. 

20 m=1.19g 

Recrystallization: 1.19 mg of crude product from 13 ml of hot iso-propanol. 
Crystallizes upon cooling, 
m = 605 mg 
Mp.: 170-173 "C 

25 ^ H-NMR (the examined sample: PM-720-cs5; solvent: CDCI3+DMSO; 
reference: CDCI3; MHz:300) [ppm]: 8.8 8.5 7.9 7.3 (m.4H.aromatlc 
protons); 6.1 (m,1H,NH): 4.02 (m.lH.OCHz): 3.74 (m,1H,CH); 3.62 
(m,1H,CH-OH); 3.5 (m,1H,OCH2); 2.9-2.3 (m,6H,3xCH2N); 1.9-1.52 
(m,4H,2xCH2); 
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^ ^C-NMR (the examined sample: PM-72O-CS5; solvent: CDCI3+DMSO; 
reference: CDCl3:MHz:75.4)[ppm]: 150.4 (C=N); 150.9 146.9 133.5 128.6 
123.3 (5C, Pyr-carbon atoms): 66.6 (OCH2); 66.4 (CH-OH); 59.4 (CH2N); 
51.8 (CH2N); 50.7 (CH2N); 46.3 (CHN): 33.8 (2C, 2XCH2) 

5 

Example 12. 

N-[2-chloro-3-(1-piperidlnyl)propoxy]-3-benzimidoyl-chloridG 
hydrochloride 

2.0 g of N-[2-hydroxy-3-(1-piperidinyl)propoxy]-benzimidoyl-Ghloride 
10 hydrochloride is dissolved in 10 ml of thibnylchloride, then the solution is 
boiled for 2 hours. The thionylchloride is distilled off; the evaporation residue 
is taken up in 50 ml of methanol, then evaporated. The light yellow 
evaporation residue (m = 2.48 g) is dissolved in 12.5 ml of ethanol and 
crystallized with 50 ml of ether. The separated precipitate is filtered off. and 
15 washed with a mixture of ethanol/ether. 
m=1 .68 g 
Mp.: 154.5-158 °C 

Recrystallization: by dissolving 320 mg in 1ml warm MeOH, then precipitating 
with 3 ml of ether. The separated precipitate is filtered off and washed. 
20 m=210mg 

Mp.: 155.5-160 °C (corn) 
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Example 13. 

N-[2-hydroxy-3-(1-piperidlnyl)propoxy]-pyridin-1-oxide-3-carboxainide 

4.0 g of N-I2-hydroxy-3-(1-piperidinyl)propoxy]-pyridin-1-oxide-3- 
carboximidoyl-chloride is stirred in 120 ml of 0.2 n NaOH at 60 °C for 5 days. 

5 The solution is neutralized with aqueous hydrochloric acid, evaporated, the 
residue is triturated with ethanol, and the obtained solution is evaporated 
again. The residue is crystallized with isopropanol, filtered off, and the 
obtained 1 .0 g crude product is recrystallized from boiling isopropanol. 
Yield: 0.8 g 

10 Mp.: 143 - 147 °C 

Example 14. 
Tablets 

(+)-5,6-dihydro-5-[(1-piperidinyl)methyl-3-(3-pyridyl)-4H-1,2,4-oxadiazine 
15 20.0 mg 

corn starch 

100.0 mg 
lactose 

95.0 mg 

20 talc 4.5 
mg 

magnesium stearate 0.5 
mg 

The active compound is finely ground, mixed with the excipients, the mixture 
25 is homogenized and granulated. The granulate is pressed into tablets. 

Example 15. 
Capsules 

5,6-dihydro-5-[(1-piperidlnyl)-methyl-3-(3-pyridyl)~4H-1 ,2,4-oxadiazine 
30 20.0 mg 
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microcrystalline cellulose 
99.0 mg 

amorphous silica 
1.0 mg 

5 The active ingredient is mixed with the additives, the mixture Is homogenized 
and filled into gelatine capsules. 

Example 16. 
Drag^es 

10 N-[3-(1 -oxido-1 -piperidlnyl)propoxy]-3-nitro-benzimidoyl-chloride dihydrate 
25.0 mg 
lactose 

82.5 mg 
potato starch 
15 33.0 mg 

polyvinyl pyrrolidone 

4.0 mg 
magnesium stearate 
0.5 mg 

20 The active ingredient and the polyvinyl pyrrolidone are dissolved in ethanol. 
The lactose and the potato starch are mixed, and the mixture is evenly 
wetted with the granulating solution of the active ingredient. After sieving, the 
wet granulate it is dried at 50 °C and sieved. Magnesium stearate is added 
and the granulate is pressed into dragee cores, which are then coated with 

25 sugar and polished with bee wax. 



Example 17. 
Suppositories 

5,6-dihydro-5-[(4-benzyl-1-piperidinyl)-methyl]-3-(3-pyridyl)- 
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-4H-1.2,4-oxadiazine ^-^ 
mg 

cocoa butter "^-^ 

g 

5 solid fat 50 suppository mass 
15.0 g 

The cocoa butter and the suppository mass are heated to 40 °C, the active 
ingredient is dispersed in the melt, then the mass is cast into suppository 
forms. 



10 



Example 18. 
Solution 

5,6-dihydro-5-[(4-hydroxy-1-piperidinyl)methyl]-3-(3-pyridyl)- 
-4H-1 .2,4-oxadiazlne hydrochloride 



500 mg 

10 g 
0.05 g 
100 ml 



15 sorbite 



saccharin sodium 

twice distilled water s. ad 



Example 19. 
20 Injection 



N-[2-chloro-3-(1-piperidinyl)propoxy]-3-benzimidoyl-chloride 
hydrochloride 

physiological saline solution, pyrogen-free, sterile 
ml 



q. s. ad 



2 mg 



2.0 



25 The solution is filled into 2 ml vials and the vials are sealed. 



Example 20. 
Infusion solution 

Infusion solution of 500 ml volume is prepared with the following composition: 
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N-[2-hydroxy-3-(1-pipeiidinyl)propoxyl-pyriclin-1-oxide-3-carboxamide 
methanesulfonate 20 mg 

physiological saline solution, pyrogen-free, sterile q. s. ad 500 ml 



